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FOREWORD 

The FS-1 lift-to-drag ratio improvement tes ts  
were conducted under NASA Apollo contract 
NAS9- 150. 

This report  was prepared by J. C. Snowden of 
the Wind Tunnel Test  Group, Space and Information 
Systems Division of North American Aviation, Inc. 
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ABSTRACT 

An investigation of aerodynamic devices for 
improvement of the command module lift-to-drag ratio 
was conducted in the Jet  Propulsion Laboratory's 
21 -inch hypersonic wind tunnel a t  Mach number 7 . 3  
using a 0.02-scale Apollo force model (FS-1). 
Descriptions of the model, model photographs, and 
tunnel installations a r e  presented in this report  with 
actual tunnel operating conditions. 
force and moment data a r e  presented in both plotted 
and tabulated form. 

The six-component 

Basic wind tunnel test  data a r e  presented only to 
make the tes t  resul ts  available a t  the ear l ies t  possible 
date; analyses and summary of results will be 
reported la ter .  
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I .  INTRODUCTION 

Apollo force model FS-1 was tested in  the Jet  Propulsion Laboratory's 
21-inch supersonic wind tunnel 27 and 28 September 1962. 

This tes t  was conducted to determine if specific modifications to the 
command module heat shield would t r i m  the command module at  147 degrees 
angle of attack with the present center of gravity while increasing the lift- 
to-drag ratio (L /D)  at  hypersonic Mach numbers. 
static stability of eight configurations was investigated a t  Mach 7.3. 

To accomplish this, the 

A total number of 241 acceptable data points were taken a t  the one 
Mach number and a Reynolds number of 0.84 x l o 6  based on the command 
module diameter. 
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” # 

II. MODEL DESCRIPTION 

The model tested was a 0. 02-scale model with eight different heat 
shield shapes. 
with the axis of symmetry. 
to obtain an angle-of-attack range of 123 to 179 degrees. 
incorporated a different lift-to-drag rat io  improvement device, such as  a 
fixed flap on the lower edge of the heat shield, a canted heat shield, o r  an  
offset heat shield. The configurations tested a r e  shown in Figure 1 with a 
typical reference center of gravity. 

The command module has  a balance cavity angle of 20 degrees 
The balance cavity angle of 20 degrees was used 

Each heat shield 

The models were designed and fabricated by North American Aviation, 
Par t s  and pertinent detail drawings for the command module a r e  Inc. 

presented in the following listing: \ 

Symbol 1 NAA Drawing Number I Part Number 

\ 

‘ 2  

‘ 2  5 

‘ 2 6  

‘27 

‘ 2 8  

‘29 

‘30 

‘31 

‘32 

7 121 - 1062 

7121-1069 

7121-1069 

7121-0169 

7121 -01 69 

71 2 1-01 69 

71 2 1-01 69 

7121 -01 69 

7121-0169 

- 3 -  

-2  

-6, 2 

-7, -8  

-12, -8 

-13, -8  

-8, -10 

-8, -10 

-8, -10 

-14, -8 
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Ill. INSTRUMENTATION AND OPERATING CONDITIONS 

FORCE MEASUREMENT 

Six-component force and moment data were measured with the water- 
cooled JPL SGB6-5 balance. The balance was mounted on a 9-degree bent 
sting with the Douglas offset remote rol l  head (Figure 2) .  Essentially two 
angle-of-attack ranges were obtained with this arrangement. With the 
remote roll  at 0 degrees,  the range was f rom 151 to  179 degrees; and with 
the roll  equal t o  180 degrees,  the range was 123 t o  151 degrees. 

FLOW VISUALIZATION 

Photographs were taken for  each setup (Figures 4 through 12) and 
Schlieren photographs (Figures  13 through 20) were taken at approximately 
15-degree intervals fo r  each configuration and Mach number. 

FLOW CONDITIONS 
i 

/ 

Tests were conducted at the nominal flow conditions:. M = 7.33, 
Reynolds number (based on command module diameter) = 0.84 x 106, and 
dynamic pressure  = 440 lb/ft2. 

* 3  
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IV. TEST PROGRAM 

The actual test  program conducted at Mach number 7.33 and 8 = 160 
is presented in the following listing. 
specified s o  that lift-to-drag ratio and Cm 

The angle-of-attack range was 
could be obtained at or  near 

=g the t r i m  point. 

Configuration 

c 2  
c 2  
c 2 6  
‘26 
c 2 5  
c25 
‘25 
c25 
c27 
c 2 7  
c28 
c28 
c28 
c29 
‘29 
c30 
c30 
c 3  1 
c 3 1  
c 2 6  
c26 
c27 
c27 
‘32 
c32 
c 2  
c 2  

0 
180 

0 
180 

0 
180 

0 
180 

0 
180 

0 
0 

180 
0 

180 
0 

180 
0 

180 
0 

180 
0 

180 
0 

180 
0 

180 

Run Number 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
32 
33 
34 
35 
38 
39 
42 
43  
46 
47 
48 
49 

a Range 

151 to 179 
123 to 151 
1 5 1  to 179 
123 to 151 
151  to  179 
123 to 151 
151 to 179 
123 to 151 
151  to 179 
123 to  151  
151  to 179 
151 to 179 
123 to 151 
151  to  179 
123 to  151 
151 to 179 
123 to 151 
151 to  179 
123 to 151 
151 to 179 
123 to 151 
151 to  179 
123 to 151 
151 to 179 
123 to  151 
151 to  179 
123 to  151 

d 
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DATA REDUCTION CONSTANTS 

Constants used in the data reduction are as follows: 

Reference area = S = 7.4506 in. 2 

Reference length = d = 3.080 in. 

Ref e r enc e center - of-gravit y location 

- 
x = 2. 11 18 inches aft of command module apex along the axis 

' of symmetry 
- 
z = 0. 1817 inches below axis of symmetry 

NOMENCLATURE 

The tabulated data format is  given at the top of each data page. The 
following nomenclature was used. 

a 

$B 

CN 

cA 

'mA 

xcp 
d 

n C 

CL 

cD 

cmcg 

M 

,a% 

Angle of attack, degrees 

Sting roll angle, degrees 

Normal force coefficients 

Axial force coefficient 

Pitching moment coefficient about the apex 

Center of pressure  measured f r o m  the apex along the axis 
of symmet ry  

Side force coefficient 

Yawing moment coefficient 

Lift coefficient 

D r a g  coefficient 

Pitching moment coefficient about the center of gravity, 

Mach number 

- 8 -  AL 
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* )  
DATAACCURACY 

The balance was calibrated prior to  the test. Normal and axial force 
accuracies stated by JPL were 0.2 percent of maximum balance rating and 
the total p ressure  was measured with an accuracy of 0 . 2  percent of the 
measured value. Using these given accuracies and a n  estimated machining 
accuracy on the radius of the command module of 0.00 1 inches, a maximum 
possible e r r o r  was calculated for  each coefficient. 
e r r o r s  were calculated using a total differential method and a r e  tabulated as 
follows : 

These maximum possible 

d a  
mcg 

dC dCL 

fO. 1 =to. 0060 *O. 0050 *O. 0001 *0..0050 *O. 010 *o. 0001 
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Figure  1. Model Diagram 
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Ir;: 

M = 7.3 
= 150" 

3 

M = 7.3 
= 180" 

Figure  13. C2 Typical Schlieren i 
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M = 7 . 3  
= 150' 

1 

M = 7.3 

Figure 14. C26 Typical Schlieren 
= 180' 
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M = 7.3 
= 150" 

M = 7.3 
= 180° 

Figure 15. C27 Typical Schlieren 
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M = 7.3 
=150° 

M =7.3 
= 180' 

Figure 16. c28  Typical Schlieren 
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M =7.3 
d =  150' 

M =7.3 
d =  180' 

Figure 17. C29 Typical Schlieren I 
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M = 7.3 
= 150' 

M =7.3 
= 180' 

Figure 18. C30 Typical Schlieren 

- 27 - 
d 

SID 62-1256 



N O R T H  A M E R I C A N  AVIATION, INC.  SPACE and INFORMATION SYSTEMS DIVISION 

M = 7.3 
01= 150" 

M =7.3  
= 180° 

Figure 19. C31 Typical Schlieren 
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, c 

M = 7.3  
Q = 120" 

M = 7 . 3  
= 180' 

Figure 20. C32 Typical Schlieren 
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APPENDIX A 

TABULATED DATA 
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1̂ -.Br 

Column 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Reduced Data Key 

Identification 

Run/Point 

a 

cN 

cA 

crn 

Reynolds No. 

A- 2 

- 

6 x 10-6/inch 
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